
obC&inml the si,naJ subspace estimate Sz-span Ez
where

computing the eilen-<1ecomposition

2%
estimated. a lDID.ifest!y rank d estlD1lte
Cu- Ez{Az{otl-cTZI.tjEZ- can be used. where
i\tdl-d.ial{AI, ... •.\t} and t., is .. ,eneraJ1Z!? elien
v&iue o( (Ru.I,,). CombiDinl this with Ez- AT gwes

If a Sai.a panet'D for one of the elements is kDown.
specifically if tbe lai.a '1(81t) is known for &il 81t U$OCI

\0 .led WIth sources whose power IS to be estimaced. then
source power estimation is pouible since tbe array man
ifold vecton can now be obtained with proper scaling.

Whac is cWmed is:
1. A method of detAlcciq multiple siJUl sources and

estimatin, patUDeten thereof comprisin, the (ollowlftg
stepS:

<a) provicliq IA array of at leut one ,roup o( a plu.
rality of.....__ pe&n. die MDSOl'S in each pair
... ideaac.lllld tIM daIplac...., between sen·
sors of .cb pIir in a ItOUP bein, equaJ. thereby
defiaiDI rwo ......,.,. (X ud Y).

(1)~ ..... lIlaIutemeftU widJ cbe sensor
array MIt coaftPnd.

(c) proe__, .. lipal lDeIIW'eIMDtS from said
two sublln" (X and Y) to MMati(y ,lie nlllDMr of
sources ud ...... paraaecers thereof. including
ideftdfyiq .,...vaI.. from which source number
IDCI~ are baed.

(d) tolYinl eM copy ,rob__ detennininS
array response (direction) vectors usin, die ,ener·
a1&&ec:I eipftvecton, and

<e) esamalia, tile amy .cometry from the said array
respollM vectOrS.

2. ne metbod _ deftned in claim 1 &lid fUMher in·
cludinl a variJtion to improve numerical charactenstlcs
usln••eneraJized sinlular v&iue decompositions of data
matnces by:

(a) fo~, cIa&a awrices X and Y (rom the data from
the subarrays.

(b) computinl the .ener~ized sinlUlar vectors of the
IDItN pair OC. Y) ~ielding X-U..!.V· and
Y.C..I.cV-,

(c) then computing che eIgenvalues of I .. -IU°t:y!.
and loeatinl those which lie on or near the untt
CU'cle. the nWllber of \"ihl~h corresponding to the
number or sources and the loeations of which cor·
respondinl to the parameter estimates.

3. The method IS defined by claim 1 wherein we step
of idenuf)'in, ei,envalues utilizes a tOW least-squares

50 al.onthm.
4. The method IS defmed by claim 3 wherein said step

of idnufyin. ei,envalues includes •
obC&ining an CIcunate o( Rzz, denoted Rzz. (rom the

measurementS available.
computln. the .enerallzed eigen-<1ecomposltlon

4.96'.732

{(Ext -Eri1Exl -Eri.U}

%1
F"&m. DOCe that (be '1 value dec:om·

poUcioaS ... ill dae al caa be avoided &ito-
.~. 1"bc GSVD~. to obtaiD Ez cu be
rep.. by a scudatd SVD by tint pet!ona.in, a
MabaIaaobiS trMII'o,..q 011 dae lDIIIUreIDeIlU, i.e.. S
Z-1-'Z. to willi Fantaermore. cbe sec·
oad SVD CM .. I.. . eN dNr ud repI-=ed by
a ,eaen1ized eilftClecoapoaitioll of

wbich c:u. in tum. be reduced to a MU4arcl...prob
lea. However. siDee the ..uu beia, decomposed is
III X 2d, uaJ-. • > >U .... is liaJe to be piMd by
pmerrill,lA eipadec:a_,llIIiaon u.- Urdware or "
Otber esttuaeous (acton dic:Iate the \lie of ODe over tbe
odMr. III lAy cue. die .pp..-:JI is of ... practicai
iJnerat sUIce covariuce ,....cioD is avoided. thus
poumci&lly improviq .-nca.t scabWty.

AlUlAY CALIBRAnON USING TLS ESPRIT 20

Usia, the TLS fonalllMioa of ESPIlIT. the amy
mlllifoid vecton auoc:iMed with ach sipaJ parameter
can be eslimated directJy to widIia aD artriuary scale
factor. No auUlllptioft c._""~ covariance is 25
required. From equation (1%). the eipnvfCU)n of UI are
liven by E",_T-l. TbiI NIUIt can be used to obwn
estimates of the array lIIUiIold vectors;

TLS ESPJUT SIGNAL COpy

In lIlIfty practical appliQllions. not OGly are the sipal 35
parameten of interest. but the sipUs u well. £atuna
tion of the slpals u a (.non of time ftOlD an esti·
awed DOA is tet"llled ...... copy. n. bI* objectve
is to CIlimate from the amy oucput the .... fro.. a
paruc:ular 0014. while re;.cu. all ocIIerI. A wei,ht 40
matN W (i.e.• a linear ._I1Dt) wlMtle i'* CGhImn is a
wel,ht vector that can be lIIId to obcaia an estimate o(
the sipai from the i'" ...i••• 0014. and reject those
from the other OOAs is liven by

which can be sen u follows. From equation (12). It

(oUows wt the ripe .....vectors of UI equaJ T - I.

Combinin, this fact with Ez-XT and substitutin. in
(14) vields
w- -E.-'lEzeL-IEzJ-1IzeZ.-I-{A-X.-IAj-l.
A-I" - I. Si8ce dlle opciI8al copy vector is clearIy a
vector thai ison~ to au but one of the vecton in
the colWIUIS of A. ftOtiq Wt w-A_ I establishes the 55
desired resulr.

TLS ESPRIT SOURCE CORIlELATtON
ESTIMATION

There are several approaehel Wt can be UNCI to 60
CItimate the source correlatioas. The most strai,htfor'
ward is to simply note that the optimal sipai copy
maeN W removes the spatial correlation in the 0b
served mCUUremdlS (d.. (14». Thus.
w-CzzW - DSO- where S is the source correlation 65
(not covanance) matns. Czz-Rzz-",ZI". and the
dialOnaJ (actor 0 accounts (or artmrary nonnahullon
o( the columns o( W. Note that when Rzz must be



£~ £11 Ell]"LEll En

pu'tiDou E into dX d SllbIDauices

24
... pair bIia. idCllcic&i UId the cm,Jlcement be·
t..-~ of eada pm in • POllp beiq equal.
tbertIty deft8inl cwo sl&buTays (X end Y). lAd

Ii.... pre,..... lDeaIIS for p~, said sipals
rro. .. cwo wbun,. (X UId Y) to id:Dtily the
....... oIlOcce1ud _ ... plU'IIDelen thereof.
wlllNillIIid ... prall 'n, .....

obtainI &II .a-re of R.zz, daoced R.zzl froID the
lIMaIuteIIleGU available.

10 -~pu_ the puen.lized eipn-decomposiaon

A~.WA.

.... tile sipal .....e eICima&e SZ-S1*1 Ez
15 wIleN

4,965,732
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i EII
EI%JE- ,ud

Ell Eu

pe.rritioaiD, E uno d x d subllW:rices

ca1cWaciD. die ei••VIi...

.t_~-EI%EU-l).Vt-I ,J.

5. A aaecbodd of Iocaa., IIMIft* UId estUut-
UI,1OUl"Ce ...-..n·cae tall foUow1q ste,.:

(a) proYidin.1ft amy of at '- OM poup of. pl. 20
ralicy ofsip&t ..... ,.un. die -.on in eacb pmbet.n. ideIlcical and die dilpla=•••c becwen left
son of each pair in • II'CNP ... equal. thereby
defiDia. cwo subarrays (X ud Y).

(b) obeliaiQ, .paI ......... with the seuor 2'
anay 10 c:oaIipnd. aDd

(c) proelll" said ti..... lit...... (rolD said
two subanays (X aDd Y) 10 .....,y die DlIIIIber o(
~ ud un~ iacludia•
• ~izIed tin"- val decoIapoIiUoIl o( dara JO
matneeS COlDl'NUl,
fonDiD. the maui.a Z froa die aYlilable lDalWe

lDenu.
coaaputiaJ die ......aIized siap1ar value decom-

poIilioa (OSVD) of JS

.,
coml'UWt• the sin,1I1ar value decomposition obtains the sipaJ subspece escimate $z-R{Ez}.

(SVD) of

. .. . I' I ..a eM ..... perIIDlIlen '*_(-1(••).
ObWNn, the Sipal subspace eIUIDIte 5z-'1*' ,. AlllllntulAI deftMd by clUm 6 wbereift said sipal

Ez where 40 prof .Ii.. _
r... ..... aaauia Z froID the available meallitements.
coepu.. me OSVD of

U • IUxl uJII, J • eil!l<r,..... .",,}. "• [",rx yzr]
1'1'7 ",.,.

calclIl.cin. the eipnvalues o( "
and

estimalin, the sipal paramcten I •• (-1(••). 60
6. For UN in locatin, sipal sources and escimalin,

source paramecers, aP1JU&tllS for measllM, silftals
from said IOlitces comprisin.

an array of at lease OM IlOUP of a "Iurality of sipal
sensor pain for ,eneralin, sipals. the senson in "

calClilates the eipnvalues of

&lid
estimaces the sipal paramecen i •• f- I(4)>,,).

• • • • •
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IIoma City. OK•• 1967). He proposed 10 exlrapolale :he
anay C:OVU'l&DCe (WlCUon beyond Ihe few measured
bqs. scj&CbDl thac e%uapolauoD (or wluch Ihe enlropy
o( the sipal is mallmlZecI. The Bllr, technique lIVes
aood rllC)jucioD buc su.tfen (rom parameter bIas IIId Ihe

The U.S. Oov."..t IsM rip.. ill the delCribed aDd pDaolDenoD referred to II line sI'finln' wherein I sIn-
cJ&imed ilIYeItIioa ~t to Oe'penmesn of Navy lie source JIIUi(.... ItlCU'1I I pair of cJoseJy spaced
CoIaU'll:t NOOOt415-K~~ usd ee"artmCDt o( AnDy ptUs ill t1ae~.n.. problema arc attnbutable
Ap'_mat No. OAAOzt-aS-IC.oOO4I. to eM ....ocl.lia. iAbcreftt in tJUs method.

10 A ._. appI08Cb &iIDed It provtdill, Increased
BACKOaOUND OF THE INVENTION r r-ahaaon wu iatroduced by <:&pan (1. u-

The iava'" d.... ia dIiI pM8Dl ic:alioll HiP "'UIIOIl rrequacy w.ve nUID"" sJ)eCtrum
mac. to ua. pro." 01.' ... of~ ...-. aMI,.., hoc. IEEE. 57: 1401-1411. 1969). His 'I'-
ten of.........'1IIi'.by. Mlay0I~ ia co fIad a w.pt vetOr for combWnl Ihe
eM~ o(alIIditiw ....~ 1ft_y..,.... I' ofall die~ ...... dIac _ejetz. oUf1)ut
pro..l_ of tbiI type 'n.' <fa Iiae ..... (1)P') ,... (or loot dincIioI wtUie maaataUWl. a wut
wlMniD tile Ii..... ' b I.Wi ot aN ..... i np a. 10 amvia. (~ this dinction. UJ)On's
tiaaIoof-amvU (1)OA',) ofWlMl6wcsiaap' .... oa. ....... .. dMIeu.Icy ia lIUdti,.dI CDviI'otuDents IIId
..... array (d_ PIG. 1). .. IIIraoaic ...,.. ia oAn ..,. iapro~1I in rIIOIuQon.
wliicJl die pu a _ fII die ' lap n II rr. 2G A 01 aedIodI weft iatrOduc:ed by Pisa-
~ of _mi••1 i .d (wn") (Y. P.~ T1M mtievaI of harmOIUCS
wbicJI is aow. 10'" IJ ,•• 11 of a _ 01....... ..,."...:. r-caoa. a.,M,.. J. R.iAR1OIIom-
Iia1IaoidI aDd Pi .iMy IIIIIIIMIiw _. Jr _ ..... Ia .. .s.c. 33: 34'7-366. 1913) ror • .-.whit r.mcted
.-1inaarilMI. _ .....we :Ita .., .."... ra.. 'ari. 01 tile .,.,.... n- iIIIdIoda ezploit Ihe
..........,I.B • -' wI*Ia to be II . • U '11 I....... 0( die amy coYViIDDe ..ma. Schlllidt
siDUtueouIiy (..... I lUI -.v .. ..... iapcc_ .......... o( PiIInMo:s idaa 10
aM raaparaI eN"_,,),, _ MIdI co a .111*1 p. 'I Mlay/waveftau.-.-_1OUtCe COITe-
Iiaul ,.,...... • . i 13 pro_'s ia !iii PIr.D. t1IIIiI UtJed A Sipai S...... A,.

Hip r-aI.... p. II' rioa is "'wat ill "... • Itt""btm. , ..... tIM s,.m.J EstiIM·
maDY .ppJiclqj.. jq •• ". ....." p.. .. lO liM. s..Iard UlIMnicy. 1911. SdrIIidI', Ml11liple
acouaric _..- (&J.. l'IIIlIar• .-t. "CI'OIic 011 "c 'on (MUSIC) ......... correctly
~ ''''1. 1M !'lIMo ~y). ".... ..~JI me -Iflria. pro__ aM therlfon pur-
aaaA io waIIla..... ,.,_ ID die iclssl siNMioa wbere
__ Ia sucJr ...,Ii; .inl w' •• oCtile... snz.' is (or~y W_1Il

,....., 0(~ q '11d ... "n 1 01 3' ....._of.lIJlliI an.wdalHe). MUSIC
~ rlc::if n I • TIrs __ 01 ,.... aIlI:t . 3'. or. die JIII••1eft asd &110 otTen
aDY t~ COl' 0_ ! '" ....-- N' • ill iIGIIiII r ill tbsl ..,Ie tipU caD be re-
SU"OIIliY _ 11.' ... me aacancy 0( die .' IfIiwel ,.....0( tile prolilJlRy or die sipaJ parame-
The ia".cioa ~II I;hd .. ,.. ..... .a. ttn. ID die pillIue or Daile IDd where Oft.Iy I finite
awes wiW.~ die prICtiaII~ Ill' 40 ....... of .... avaiJable. ~t:SIC esl!·
COUll'" by ~c -a.odI MII:JI • die ror _ an very -ny uaflialed and etfic:ieftt. IIld can
deIailed • priori 1uIow 0( &be .... amy NIOIve cloll!y .,..:eel Ii.... psruaeten.
try aad ....c c riI1io:I. The __,_ aiIo 11te MUSIC alpidull. oltea ref'ernci to II the lilen-
yields •~ dice. I ill tile compacacioa&l _ approlICII. is cwrncly the l1IOIt promlliDI
storap requ..... ., r••' d ecjmetjon mechod. How-

The IIiItory of.' dl. 0(1ipsl ......I1II. c:u be e¥W. MUSIC &be meUroda 0( Burl and
u:ac.f b8ct II ... ewe _ill to 0...,. Kick c.,. wlliU _~t to atbiavy SCIIIOr amy
8uoII de Prost,. (It.. "-Y.... upIlI' .. • ... ......... rn. c:enaiD shoncoaunp lhat
lyric. etc. L·.... ""••' ·CI., t: 14-16. 1195) wIIo Ira". a_'.II" IIilsir apptic:IbiJity ill seven! proOleaDs.
waI iII...iU iII ...... .wei i... Cap••• '" S-0Ic..-.- '
au) to dIlL a-- ill I I I .......y Anay a..1VY I1Id CaIiInIioo-A coaqtlete char-
after World W. IJ eo ill ..,Iail • to die _ • I oldie array ill __ oCthe SIII80f leometry
_.' • _tall 01,.,.. -.... I 'II~. 1M ~ it ttq1Iind. III pracuce. for
OYer eM,.. a _ .......boGiI...... 10"V ..,.. _ c~ is olIwalecl by a
tJIiI JI'liJlISlII nil I jelly ill die c:oe: " __ 0( ........... IuIowIl • amy calimuon 10

tvlol ana)'l. hi'" e tile so called amy old. The COSt of
0.. 01 die __ "'1111l1li to die .....~._ of ...,.....c:u be ... !liP .. the procedure IS

......... is .. I a .'y refIrNd to • .. 10 'I •~ AJIo. the iI3IOc:iIIecI Slor&le
COI"I."" fa 1 I II I It.-."". at" Hor die array -.il'oId is~ words (m IS Ihe
matctlecl fII to piocI.IMM... 60 0( --. I is die II.... of sareh (Ind)
proWM the par , ad _ Ia me pel lIee o( ,... ia..dh ria .. I is eM 11__ of dimen-
eal.le SOUrc& COlI"I."'" bIMnI...._lead to ..) .. _ McoaDe _ .. .".. (or ..,Ie applica·
si"" su"r...... poor r-.oIuCiolL. asd biuecI puame- tioM. Por a ........... array cOln_DI 20 ele-
t., (DOA) no... -. -aiIII over • __..... witb I I mdlitad

The rU'R hiP r.'.Jioal mecbod to iIDpi'ove upoa " ...lIIioft ia uiInlb ..... t!eYaaoD and lISanl 16 bIt
CODveftuonai ......,.,... waI ..-.... by hrl (], P. wordI (1 byaeI acb) requina .,proaiaDacely 100 mela-
Bur•• Muamum ell""" .,.ecraJ aMi. III~- byuI 0(scorapf T'bia nllJllier inc:...... UJOftcntt&lly as
illll 0/ tit. 37'. AlIlINi 1"'''''''llUUIi SEG '\("""1- OkJa· IIIOlber snrcJl dilDCDIIOft such u tetllJ)OraI frequency IS
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flO. : is a I'f'al)ftic: ,.......tahOft of a suzular proO- ill the MUSIC allont.luD. where an eITor In the en·
1_ in which Ute two ....... are flOW implftpt, on &II _Ie of !be DWDber of sources can U1vajidate the
array ofSCftlOn '*" in IlllCOf'd,Uce w;th tbe UlvetiGOft. ~ .umaces. IlllCCOrdance 'Mlh the InVen·

FlO. 3 is .1ftpiUc i1IuauacioD of the J)U'UI'" S' oem. ESP1UT simuhaneously estlm.tes the signal
... froID a -.ullioa performed in acc:orduce Mm' parameterS ud me ftWDOer of sources.
tbe inveaaoe in wbida dine si"- were iml'UlIiq on APPLlCATIONS
ID array of lipt .-or dOublets ud directiou-of·
arrival were beiDa _rilMMet TMre are a ISUIDber of applications that exploIt one or

OETAILED D8SClUmON OF 11IE tDOn of the imponun {eaturtl of ESPR.IT. i.e.. its In·
ORAWINOS 10 MIIIitiYtty to lIfty JOOIMUY, low COIIIl)Ulatlonal load

1M ' requiremara. Sorae of mac arc de·
AI iDdiceMet ..",., _ iawQoe is~ at die bJiMw.

eI'ieerjonOfCOIR.W.", ••lfIofli..... ,....'*~ 1. DinIQoe-ot-Atrivallni._
.. uny 0( _ .. ill _ 'II" e. of ..... ". (I) s,.. m $....~ It. ftcc....n1y
proili. ClIII be.iJ n .... r. II CO PIG. I ia l' YWY Jarp" .Ibe (airly flexible.
wIIicIl CWO ..... (II _It) we iatpl ... 011 • ....., SIIIIII ClIII c:a.- _...-..mare to 01Ci11.te
of .. -.on (". "20 ,.,). Ie is. &8111 in dIiI ill.. tar __ of tilDe~. in a senaor amy
cnMd •• apl. _ __ iii ia a '11-" wIIia YV'Y'iaI- Funamaore. It is
....... tllalCIIdy two ,.1'1111 11m be ill ,r._ ....., .HIIIII to = llCIJy ClIIiwate such an
.......... til a..olaNo __ 3D 1M, ........ lIP of ...... facility is not
....... MUSIC '-" CO wu • ..., "'111' , oa..odIIIr~._oI'lD&IChedJ'lln

. .. Lbe 0004" fI_ twO bo-.vw dill 01 cia ,..,. wIGIe.,..I,...... colllwnly
....11 ..... ot IlilIaIow1l • .-l. '" • low ;.. .,.,..,...... ter'Yo ,.uhs In
eM 0¥enI....., JUlI"', n. CO aU11I,. .. IU·ivicyco ..-uY0ftheamy.
.......... dli.lllt...... tile lIfty _ ... 25 CDfY ..."otIDId•• func:·
........ 1M • nl•• II' .ty ...... :'0.....__ iI oftID a" _'-ve of such IIlIl
CiIM ill l1li a EII fI_ 1:11' ri • "'1'" __-7i- .. ilia. • c:clIIMCtCd sU'Uc·
... IIG..... widI .. ,.... iII~ ..., .. tar .. ..., is DOC r.c".... only a ccH-

( .'DId) -11..i •• iI. _ ,.,.... in UPIUT • oI'n..iwly it ...-ded.
loq • die .., ill II' ... of {JI'OlI9I 01) .1••'" JO PI , .•• sw-cncter or '-con
_ pIin __ • •• M! _111:.__ ~r. tneUr (or Uip=.L s- of deploy_I. 1D&ia&e'

TldliliI_ •••m.2 tlletwO .... <,1 -. .. ,.... 01' _oumld amYl can
-IVwe....., pIlEI (", " It" "20 ,,~ ..". _" lipi": II CGIC opIIIlli.... beaeflu «(or
1",). ". ., rIIIWlD' m' 0( dEl uny an .. .. • .pl.; ••".live" c-. be -.1y tfUI1)Oned
__.. _ " ...... veeIOr u ,dlnu. JS or .. to for rlr1'&U).
... tIMe 0I-.r,.............. (1t) ;1••••,. S .,. ......- and scaner
01 __ _ 1.1. •...... 11 •• "_ • .-III'face.Tbecur-

,... ..._ 1. atdrlt 111\ .."...,.,.. .. ••d. ot ... '--- ~e complete
tnIId la '10. J ....... II". dill ..-ha 0( • .... ...... 0( tile dine d i_ JIOIIletry of the
tioa pa1'oraaed IIUI n.. to eM ........ of IS-.c> d ..,. amy. The deMi of me array ie·
PIUT.1'hI ·.'rt• ••. 3Id at_array Widll __ .., is ... 'Ip'"ve 1IIIdIIinbie (siftcc it
bll&1'1Ie.1 . ....01......,.,...... ~1CIive"1 v't,iatll.lIIma.unirietlclly
• ..."... at ...='.....-. 1111 array ......,. .1 110- U... UPIUT. vertical aJipmern ofWIll"'''''''' .,. • • 1M........ $I 1 ,; JrI¥itY • a ref.fCftce.

~OIi1-==:''C~W~C::-~·' ::-:.~.,=c=O=r:':~'*......... .4.. ' tt. on dill."" • • .•..,111....... ... . .". a bacon or the...~. 22", -at 10. 13 1M I'. ~ itIIII). WIdIIir ......... atcer the sone-
"""""COeM I.hc .,.cm nrd .,...... ......*•.,11. ~""'=-Plftedand
...... TIIe UJIFI 2 =••' ......... JO •••• ·'Fr. ot IA·...... available. As
1•• ptl._ IIirIauIMioaa,..... ..." "UmiF, iI_ (_ble. Fur·
..........'1"2 I . 1M ••••.,. In'Iy iCII.ury CaD itsel( be

PIO. J a,.. fI_ Ga"...... ". 10 .21.•.11 ot .....i.', .1' "I'll ....... cin'r:_ on till _ (0) ,.... Am,....".. 01 a .. of hydro·
ciftlIa~ _ .• ,.. til .. ftI 'lr"I~" ,.... -....• ,~t tube• ....."1 ,o_...~... . WIllI ...., Of..-...nne. The
1111CIIra _ .......cdIIIly c1 UIIlI die •__ prt_l. WitIl ...,. is tJIac me tube
two __ 2- IIJII' ....., ..... rn. •• I•.' !iDe icome·

AI D .1 I at die 0004'... IIY -10..'" _ diaal.rbances.
'niu, ..-rr_ MYer'Ii lIkIiIiacII to ..,. ,.,_, :11 ".1•• invalid. In
r_ ..; 11..... 1M ,...... _:VM':: ;_ diIh&rbaDce In
1. ssn.rr Ie "., CO en'Oft ill _ .,.•• II 01_ :.0'.'1< "h..rore by se·
.... the -.1._ t 0( the coYIItIE••1 _ 0( ( Ofi.I••cion can be
a It ill ,.. Pt01*'INI at_ .., ) _ ,lIIIIty QOcod:incuonal. reli·
upridla CO II Ie the _ ..wi- 6J DOA "••_. be obtained.
.... (4) DF ... 5itIIII eo" A~ften.

2. ISPAJT.._ ...... the .....ion of die _. (McnI'c. VlllIIIOU....'ditIlftIoD tmdinl (OF)
bIr of sourc:ee prior to IOUrce ........., IIWIIlltion _ tv- cunot meet the .,. scorace and coml)uta·



.--

III

.......... _ 'IU....• ..... _ ...,.

NoIe .... it • uitary lIIUris (.....r) thac relales
the •••urcnaa fl'Glll suauny X to thole from subar·



1.....,-

Ill). .A.-r>..1•• -

10
{AI> ).2> ... > A...} are the ordered ellen\lalues of Ru •

tba

4,7'0,147
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ray Y. ID the COIB"" fWd. • it • _pie scaUt~
tor. However. ic is ••D,,_ to die re.J two-clf.ll p
sioul rota'llioll ....... aad is bereiD referred to ••
rowioIl opanaor. The '"x. lUU"is A is die dineIioa
IIIlIUU wltoee co~ {.',), Ie. I••••• d} are die ,
sipa1 direcaon \leetOn for tale d w....efroDu.

(S)

naau~0( ..... data r-.ived by.-.my 10
X is pvca by:

ilJ)

.... C"~-)'~1. 8y iDI,.cUon. the c:olumn
where S is tM.X.00WIiaGe....m oldie ...... 1(1). IS of... ASA· -S AS.·A· are ic*Iaca.I. There·
i.&, p(ASA·-y~-A·) will ill""'" be equal to

tL Howe¥er,il

(lit

r. [; ~J

.,_,..,. _III" (141

.. r it .. CIG'lIIIiU 'I 01 ••dr&iliw '3 J ],]'111' •
wllite..dIM ia""" -..Hole _<,)It ia - i- raw of(1-..... •v..)will become zero. Thus.
lIIIId __ to coajqIJIt._-.
pta coaju ~openIioa.Similuty••'... jl(1-,..,.·w"l_41_I. (I"

c:ovan.. '*""- ........ca flOla .....,.,. X "
aDd Y is p.... by: 2S ~••J"I.dy. dIe..-.=il (C.-yllq) will aIJo~

.... to _-I wb••'C y _ vaI_ PVeD by
(I) (14).~. by ........ ca. .. eucdy the leD

............al_ (G8V"s) 411 die -m p* {Cu.
Tbia CGe1tt_ tIIMt jl M. 01 die 1M'.... a.l.AIID.......... ialdIe,.... dIe .....
IDGdII.I1Id _111'= _lOW be 1._ • ,,'Pllnl_GEV"IGM.o,njinllOdie u.-aanull
on... " I" ./) aM ,(/). aM • 01_ CWO WiII ... .-o. i. d GI!Vs lie

IJI_pd MNY.IT.IftY. __ • '..·ciNJe lOtIIMt ca
....... DOA' or die ..... <wa.. oI ...na r.· ·.,,,,-d(equal
t'ralIc) cors'••" ' tile DOA·.. .. die ••11.1011 01'_ ell_a >OEV's are

3S • 1M GfiI,iIL ". =-pMIa die proof o( die theorem.
ROTAnONALL~~~SUBS'AQ 0... is kDow8. DOAo's CD be caJcWaCed from:

nae __ ilIIIII die .._t ',. isID...... "-'" {,.~ }. (161

me rotatiaMI iII · dl oldie~ ...
.... iBduced by die a . ',Ii_ iII or tile .a D_ co mon in~,..Ru &lid Rq from finiee c1ata
MIlIOf array. 1bt f t ptOYicMI eM fo.- II well II erron ..~ dunnl ehe sUlequeftt (mite
daIioa (or die rwMI,. I. coepuwiou, cae reJatiolll ill (9) aDd ( 11> will

n.orem: o.&Ie • die Ii..... be eu=Uy ....... Ae t1UI peiIIc. • procedure is
IDaUU IMOCiaMd widI • -.au,.al {(a.-~ wbicb is INK ~'Y~ buc. ueilizes
Rq } wbere >.- is _ .. _ (repeered) ...,.. ., --~ _~lJIwI ..,~ eechniques 10

or R.c.z. neD, if' S is 1IOI1IIIiquIar. die aaacnc. • _ r ... widlllICb-.
.... reWed by

to eI 11••11111 of •.
Proal: ilia ASA· is ..........

...-1iIIIiI*Y ("'-.., ofaileYal- all eq11IIlIO r. "
FIOla 1iDIer .......

Sill.., AI'" <ESPlUT)
n. ..,.. 01 al are:m" 1. P'iDd ~...-ce awrilt esci·_ a.. MIll lqhal dill cIa&L • •
1.~ die Ii.. d1calllll,l:lIiliOll 0( Ru aDd R..,

aM tb-. eeriepre die 811111dll1r 0( sowc. d and the.... ......... ~.
1. c:o.,.. rM& iJ ............... to ASA· aDd
A.H-~·p~r.

4. 1"hI d GaV"s of tile 0( ASA· and
~A· thai lie claM to c:ircJe decemune
die .bJpeee roc.aoe o,.nror • &lid hence. the

w..... p(.) of _ -u If,l•• II DQA'..
.41 ~ cJ1I& 8. T• ., it dIM tIMin.. DIIIiII 01 tIile Ii DOW diTc1.IJd
IIO (M ....,...... ~ e aoa
si ,...l. tIIMt 001_ 0( '" xd.... A. Ia .... co die req1Pnd coYWiMc-. oOMr'
..........y i • J II..........P(A)-tL AJIe.... ".... J(lb _ "'j) • ciIae ........ Ij .... requited.
S is a dXd ....u .. is~.P($)-~ ..,... .5 Nare diu ehe ..".,. IB_ be _.,-a simuJt.·
fon. II<ASA-)-tL ... n.lI~••dy ASA· Will .... .-Iy. The aLUiaa_ IikalihoDd .13.... (UlUlnml
1ft-d zero ..."'--~ ASA· + o-lt will no uadlrlyial daaa model) or the autc> aDd c:rou-
ha.... m-d rnuliInUDI Ii..v"" aU eqlllJ to ~. If c:ovanance IUcnces are then IJven by
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T1te rataJe can be llOI"LIIIiud to !DUe the rllJlOftM at
.... 1... to uaicy, yieIdia,:

(Dl

(14)

(m

(16l

s.....,:.".". cr;]:

C"::'f:AIIO. •••• Q, ...... Q, ••••
Ol·...r .....e,)-__x...

14
iii MUSIC whete they brift, about I collapse of the
upaJ subsplCe diJneftsionabcy.

FitWIy. it saouJd be __ that me doublet related
..bipiu. p.....c in ESPIUT do not caue any real
ctit'ftcwti. ill practice. IndeId. it is precileiy such ambi r

..... dial allow ESPIUT CO ..,.,..wy solve me prob
_ ia ..cb dill_lion.

4,750,147
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lDettY about the reference direction dermed by the dou
blet u. (cf. COHI of UllbiCWty). If both &ZIIDuUt and
deYUIOft esama* an Nqwred.. anotfter pa&t of s!abu'
rays (preferatalyo~ to die tint pW) MnIlQve to
deYaaoa ulle is nil or".. OeometricaUY. tJUs pro- ,
vidIa U~I 1M 0(QGMI.1IId the iII--=aou
oCdIe twO _ oCco.- yWd rJIc deIind-_ Noce
tIIlI& the,.,..... 1; •• (..... u:iau4Ia 1M ....
lioe) Cd be calmP DI'~.'" ~ ill
the CClaIpulllicllllU IoIlIt ill ISPkIT po.., u..rty 10 ,..... _ ,. diu DOA's IIId tem-
witb tile d••••'. 01_ ..... ,...... veauw. ....&1.. I. iu ofta.of__ iIlanaypro-
......_ ill Mt1SIC it _ III a,a.IllliIIIy. pa"" I In.I._ oIl1ftlT to prowse

If'the iti1·-am, - .. Fir I1U .. duarill.~ ...-.,. BSPIUT can a1Io
...... .. fIII_ 01 fill'" ..., 11.' d co .... _ co,y problelll. a
6 Itt. .... . ..' Ie I. It. l' pUt' it 01 pu'Iic:aIIr ill cOIIUlnmica-
'TIiIn..'" I'll I' .)=wtlicll ella _ "ti••••
J21191i1l~ foe' ..,....... .... lWIy Ia' ti.1 01 Azray (DiIccion) V~ors
... c,... 1 .) __• n. CPu, . . 1M .,... .. p'.p n "I~ (GIV) corn-

1 - .... Db ,.< .'I,U'''' 01_ J)OA ... IJ PIC ,... " 1 (01) Yi. By
_) ftaIa .. ",nn........ -.'.HI I • d « '1 ., the,...
_~oflWOt ..; .,) 1..111 1 <---
".~" CO •. '1,1............). n. ..
.eX en i2 trip . ·.a. I' • ".... 1f1I!, ....
...of_"' 1111. 0I_,..aiI AS(I-.,~)A· is
Y iI ,.. "... fill X lilt _ 1 &0 , 1 is JS _ , u by die ver:son {a;
-.II ofdie1ft""'"n.08"1O' "u .1~... );Ii}, it follows diu e; it to aD dincUoD
dill "'1........... Note dill ill veaIOl'I. UCIt" &I. AtM"i., for DOW tIIlI& die SOW'CII

... tt II"1SPIlIr • OIIIy ..... an IIIIGOIftIa&ed. i....

... rar • m •• 'I.... 1111 of _ 01 (u.,Pa)"'111." AI .! nll' ,..riDsIt" wd••ad iii- JO

... CID _ ........ by pta: ........ f'nqUilllCY
:= .p ~I.a aaMi...d vta ,.,....cy IIIIctiYe DoIftOW
~(....) ....

,."., ...-lIe j ' ..
Allay .....lild... #I I 'Miow ia die CIDIlIeU 35

alDOA tid . '.. bitt __ • .-.ted CO odIer~1__ weIL

...._ ••• is ....,. ... ftaIa two ......

Pir& JSIIIUT ... iIIIa ••"., 01 a.......... iur,., • II fill die II ". 0( 40
tJte array. N1f ~ldlt••" I ., oo cin.t.
: I ....rj . I" IIIIis. dIIIt 1". tIrcNIb
.. irrdi'viduIA _ I b r • ..,. viIy .... 11.(1. 0. 0. •••• OfT.
... wllioll Me ......!iII fill ia 1M 0IIIIr I. '••• et ScNrc:e row..
d••".1 (..... III•• ' I ).,.. ...,........ otS tel diu tile w" 111 eny ,.... ~ors
..............,._ y..... b-. DOIW tizect. de1l:ribed above (i.... unity
is die-. ... .. .. ~a.~ ........ t II ....,.. 1). the IOUn:e pow.-s follow frOID
1M ... • #/II laY Ji' ...,. die iii- (14):
..... DOA. 1'1Ie atta:c ,'I- • die ocMr
..... _ tI p II'· I'" ""1 W art .... ."... ~
...... ,••.• II' __ ,1"111 , lliace 1atowI·
... #/II .... .... 11.' I" I,•• 01 the ......
... '. I •• lid.

0IIuIr...... ' r f ?I••,d. caallloll'ileit.. ,... dill ... w' , y YIIif it -at 1 is
......................,. 1· diaIIW1. .. " a I ••allli.&. ' ...... toapv.
*- -. .tiS diu _ $ •• 1& is aD cIireDrioaL IIdliI it DOC die CIM, the 1ICi-
{~~)12"'}, I. _ , • • • . or _ wiD be ill error.
"dirt••,,, I ,In ., II BI.' '. of Anay O-DICrY

UPa1T 'IIJRY ••-..._ ... 1111 amy ....ay ella .. be ro.t rra. {II} by
aiIy al .'.. is _.r IIUM-«*r. 1M 60 .e ofu-r T1te ., _ II"'"
.... cdar 'IS I'll of , .-if'DIcL For 01 dir YCIGI'I it 10 tile IIU111lber of
e .,1.........., or .. 1 .'i' OCIW __ 01 ra ..,. ill $1 ?"'Y. If more
... a u..r :••" j ., two froe tile ~ Me ."..,... a ftc c:-. be UMd.
amy .sri'.,_.._.. .Nt. , ill • NtIIIII dIa ..... eJ.jMI1¢ an t.,dnd in order to
iaIIIiIiJy to d' .. It i.II ••_ tile. ,._ due to "" ., ,. die lIfty .......,. IIisc:II ,.. ... dilrlllllion
__ a dtinl_ ..... amy ....._ is a ia abouc wlIicJl array ...Wic inlonrtaJioII IS

_ sum of eM •1IIhl•• 0( the fim twO. n.. NqUind. ED dinccion vecton an required. However. in
IIDOipic* Ift&IIif_ t"-iWi in the ... lIIIftDC U order to oOCIiD esrinweI 0( the ditecUon vectors. no
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1. Introduction

The wireleu communica.tions industry LS explodin,. The intellipmt a.n~nu crea.ted by
ArrayComm, Inc. add a new dimension to the tech.Dologies that will provide the foundAtio.D
for penona1 commWlication ill the 2h~ century.

III mobile communicatIons applica.tions, the techaolOlY hu demonstrAted its a.bility to
.ublt&Dti~lyreduce COlt by decrea.sin, the iDfru\ruc~ure need. of new systema. In addition,
the subecriber capacity of exia~illl and new 'YlIiOm. i, incre&aed ADd interference redllced.
The technolosy C&l1 also benefit other high-lfOwth fields SI.lch &I wireless loc&!·loops, point
to-point di.tributioll sr-tems. ~rQ.Dlportatioaey.tcm., &nd space syst.ml~.

Cellular communications is already a tJ3 billion/year industry worldwide a.nd is the
futut IfOWth a.rea. in the electronics field. The indu.try i. expected to pow to 1100 billion
&nnuaJ)y by the yea: 2000.

The aciv&I1t... and improvements offered hy ArrayComm can ~celerate thi. IfOwtb,
especially in emeqing economic Aleu of the world t.hat do not have sufficieat. wired net.work
eapa.city. Ma.jor US corporations a.re current.ly entenDI into &lreementa with t.he lovernrnenti
of Third World couatriel aDd with Eutern Europ.an nations to in.t&11 wireless cellular sys
tems u the ma.in telecommunicAtions net.work throqhout their r..pective countries. \Vith
a. finite number of lervice providers worldwide. Arr..yComm's technology is expected to be
adopted quickly.

2. Hlatorlc.' .".round
From the later part. of tbe 1910, throUlh the mid lilSOI, Dr. Richard Roy, as part of a

~am .., St&nford UDivenity, developed tb.e m..tb.ematical underpinninp of the technoloD' he
later D&m4d SDMA. Mea.nwbilc, OYCl' the lui dec_, thc wirel... communlcatioD market hu
developed Uld po",n to luch .. point t.hat the neecI for the new tec:haololY hu become acute.
In oreter to meet the need, Dr. Roy ...csblecl a _""Dloat team of hip·quality telccom
munic&t.iol1s executives, interDatioaaUy Imowu commuaic&t.iou marketilll profeuionals, ..ad
expert lela! a.ud financial. counsel, A.nd ArrayComm was formf'!d in April 1992.

AI meDtioud, the principal fields and applications for SDMA technology iaclude but are
not limited to wirel•• te1ecommunicatiOl1l networks such II:

• Personal ~mWlicatioQ services (peS)

• Cellular mobUe communica.tion syltema

• Wirele•• local loop

• Acknowledcement paciq systems

• Air·to-sround (airphone) communication systems

1
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• Speci&1 Mobile Radio (SMR)

• Private Land Mobile R.adio (PLMR.)

• Wireless locall.1'ea computer networks

• Peraona.l digital ...aista.nts communication systems

• Satellite communication systems

While AlT&yComm's SDMA is a pDuiae, proven technoloetcal breakthroUlh with im·
portant implications in each of these areu, the most immediate application allowing the
l&rpt c:ommerc;ial pu~euti ..l n:laLca Lu t;OUllulJ.nication aysteul:!l such as cellula.r telcilhoue
and personal communication systems.

Current t.elee:ommuQiC&~ioDs)"stema contain inberent limita'ioDAI wit.h. reSal'd to capacity.
AI more and more users join tbe system, the frequencies simply becom.e crowded. Wire....
unit. tran.mittinlon the lame channel (,&Aftot be r.-olvtKl by the r'tC8iver .iDce there i. DO
way of distinguishing signals that share the .ame frequency. The result to the end user is
dropped calls, poor reception. interference (CfOII-t.a1k) aDd noi...

SDMA effectively combats these problems. By irnplementinl the new technolOl)', telecom
munications systems realize subst&ntial increaHI in e&pacity, and moreover, quality i. also
greatly improved. Consequently, the mobile unit transmitted power ca.n be reduced, resultiDI
in 10neer battery life.

A. uoted, the technoiosy i. compatible with current technololi.., both digital
and analol, and with equipment now in UN. 111 additioD, implemea.tation CaD occur
on a cell by tell bui., where and &5 needed, and with a. relatively low ca.pital COlt .inee no
exotic: hardware i. requited.

The technololY i. GUO suited to neW' wirel•• Iy,'em deployment. The 1iexibility afforded.
to system de.ilDen is aclvUltaaeous, ud the result&D.t COIIt benefiu are lubttutia.l. Pr..
liminary calculadou tor cb.plUYIll~ul uC PCS system. ut.ilizilll the technology, for example,
indicate & cost·.avia.p 011 the order of 50CJf1. Similar lavil1lJ a.re projected for Dew wirel.!
loe&1-100p, P~DC &Dod a.ir-to-srouDd Nrvicet to DC cieployed over the next decade.

The teehnololY offered by ArrayComm is protected by two currnt US patents while two
others are pea.dinS.

4. Management and Opermlona

Loe&tec:l at the heart of Silicon Valley in Saata Clara, CA, ArrayComm hu ready ace.. to
a lara- pool of technical aDd m.&Dpower f8lOUrceI. ArrayComm's eDiiDeerilll team illed by
Drl. Roy and Barratt, and includes expen. in vario'li lieU or lienal proceHiDI teclmoJosy.
ArrayComm's man....m.nt team i. led by Martin Cooper, who with M yean in t.he field i.
ODe of the bat known personaJities in the iaGUItry.

AtrayComm i. formiOC& European lubtidiary, ArrayComm Europa, which will be headed
by Mr. Maurice Remy, wbo most reeently beaded Matr.. CommulliatiollS, a larse EuropeaD
telecommunications cornpa.ny. Arra.yComm Europa will be responsible for purluing the
vanous opportunit.ies aJrorded by the technololY in Europe.

2
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The c;redell.'iala u,d iAtcrn..~ional recopi'ion of it, technical &Ad mall-..mell.t t.anw
coupled wi~h the unique beDeftts of its technolOl)' placa ArrayComm at the cutt.iQI edae
of c.lecolluftuaicatioft. and .isna! pl'oc..inC teehnolOSJ'. Thill will allow it to continue to
establish joint-ventures or strategic allianet'S witb maior manuf&eturins and operatins firms.

5. AccompUahmentl lind Outlook

Durin. the put eilhteeD months, ArrayComm hu:

• developed a wide ranse of domestic and interutional contacts with telecommunicatioQ
equipment m&ll\&t.chnerll &I1d _rVlce operator.. Thcae eont..de ha.ve .!ready led to
writteD .t&temeut. of iDterest. from .uch European and AmerjC&Jl manufacturers and
from eevoralmajor cellular provider•.

• completed a proof-or.concept demonstration that illustrates tbe capabilities of the In·
telliCell intellipnt antenna. bued on SDMA.

• filed \wo patea.t applica.tioU8 in addition to the buie patents t.o whieh it hu exclusive
dsbts.

• financed t.he above through private Stoups rather tban from indu.try .ources, iD order
to maint&in its independence.

Arr&yComm'l buic bUlillets stra.telY iJlcluda the protection of its <:apital ruources
throup a .tr..\elY of joiDt venturc:a, liccnaillS, ud i»"developlllCut. One or more of these
rel&tioa.hip. it expected to be e.tabliahed iD tbe comins months.

For more information on the future of Arrl¥Comm,
contact Arnaud Safrari at (401) 9a~·I08O.

3
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Arn,comDl, Ide. 'I~...t

ArrayComm caasiItI of III apcrieacId lAd hiah.,..will'ld m t &rOUp. headed by Mdn
Coot'll one~ the pi..... 01rldio-1elepbofty ia .... United S cambiaeet with a tap-.mpt
-=hnIcal team bMded by Dr. Ric.hard Roy...prill., iawIltcr of SDMA. Tbe CompIIlY ....
l'ICIGtly boIItIII'ed ita......at and tIICb-.. .,_Utl. by aaliItiq tho ......olllWftl
experienced ou•• dirtclcn _ the mem'" of ... T.MacaJ A4villOly Botrd. 1'bI Ca.,.y
ICriva to ...un ••1BOOth IJId CIIlCl'OUedd~. prOCllllDd to allow die cechnica1 team
_ abUUy to cancenttalC 111 effartl on die priIury ...... 01 deve10piDi the Compuy'._Im~
IIId prO'lidinltemCl to itt ...... ud c1ientl.

I.ide a BOIrd of DiNcton. iDclucIial tift cMIidI ...... ad tile opIntionalMCtiOlll in Sillta
c.a. vlrioua uDite have been farmed to ...ilt die CGIIlPIBY in ill .trUeJiC cieve1oplDellt:

• ATecbDicIl~ Ion iJlcludllluai..... from induItry lid -=-mi....
Dr. WWiaIIl J. Perry. Secrewy of Det'enM (011 leave), aDd PrafalCI' SteP- Boyd of
StlDford Univenity.

• A Burapela .-it, ftich will. me CON~.. future BuropeIn IUbiidLary, 1ecl by Mr.
Maurice R.my. member of che BOII'd of Directc... and Mr. Oeaapaltuparian.

MM.....t BioFaph-

MIwdn Cooper,~ or .... Be...... CEO ......nc~ ill alIo cht.irmaD 01 Spaaal
C_U8icadoaI, Iftc'f eeuu.... Pay Pb--.IDc., ..0,-. Inc. ud__ OIl tile..~

I8WI'I1 odIer companill. He it widely~. api__ in the penoaal CDIIDUJIicIdoM
iIIcIu*Y IDClu. buMw.t., ia die~_ II devel.-at He it 1ft invIatar
who iaa'oduoed • 1m .... 1Im,..hM.u.Jar' 1[~. _ it widely rwprdId u the
,....01 ClUulIr teJepbaay. Mr. Cooper 11M wide--Ji experieaca iacludiIw bothill'"
carperate.... IDd in .UIID••Jful".lIlnrial " up.. coneextI. Mr. CoapIr fouaded and
mp,••d Cell..-8U1~s,.n.. Inc. (CBSI). it to bIcGIM die iDdutll'y __ in
CIlluIlr biWna with ......... fA........,7,.. ad ..w.n,chi CGIIIpI8)' eo O.Mld.
Bell. (IJeIcn ira 1CqU1IHaI, CBSI provided bDJiaIlftd IDMIIpIICDt lCI'Vicei to mOlt eeUularc.p" in dI8 U.S.)

Before chat. lie..CcIrpeI.- DiNc:tor 0I 1Dd DIYe1....for Motor. IDe.,
' , lIinlu1acion 01 dIrouIIIClUt MoaoIa. Hejained
Moearala iIIlt54 ••f."" ud .".••d la.um" fA ..
~tpaI~bill-. Mc:omiDIa.,. ill.,. and ... plW'MMt ud.....
IIItMp' of tile Comaa·;.,.... Sytt.IU Di ill 1977.~ bill 29 ,... at MeeGre1a. Mr.
CoapIr ov..w the~ 01. DUmber~ IMjIr".1••.. iDc1ucUal~PfIiD.
widllllllUllaaJet in 19110 OWl' SQX) miJliaD,...., IIICIIMJe1'Idio.,... (bown. SMIS) with
_lIIl .... over SI biDioa. ..ocUvJar I'Idio SF: ,Ia." wi...._ ... eM&' $1 billioD.
Producra introduced by Mr. Coaper haw bid euarulltivelll. VoWlDe of ov.-I1 bJIIIGD. WIlDe at
MoIaroIa, he had top IICl'et c:IearanceI. wlWe pll'dcipAa. in IUd m..,.,m.lUPb cIuIifted



1m,

pvnmeDt~tprOlJIIM. He adviled tbe Malcn1& Pouad.tioa in ira ehlritab1e
endowm_talftd conlrihutiGal. manqed ita catrl1 re.eercb labar&tarie., and wu Materola',
tICbnololY 1eIder.

Mr. Cooper bu bee" involved in induatry IIlCI JOVV..tnt efforu to allocate new Qdio fNquacy
II*fI'Um for the land mobile radio lCI'ViceI ucI_ ............ix pa&entl in Ibe
communicationl fieW. lit ...... wide.ly pubIittIId • wrIout upec1l~commwUcadan
tICbnolOl)' IIId OIl~t oll'tllll'Ch..-., Mr. Cooper q .lf1Iduate of the
Dli"o" 1Iudtu.ot~wlm ba la UacricM H. ~
• Pellow~eM laleiaute ollllctrieal &ad ".1 aad allhe Radio Club 01 America
.. II • mcmbw 01 BTA XIppe Nu ( 11. ill ..,,) Mel Rho Bp.i1oe (1*"0

allinl'" boncnty). He__ ill VIriO\II~ " ..V~TedmoJoay SociMy~ the
JBBB and WM preeideDt of the lOCiety in 1m and 1913. Mr. Cooper .u aw..ded dallBBE
CIa_ni,1 Medal iD 19M. Mr. Cooper hal __• t.ldtaicll committees of the BIectroaic
IDduItri. AMociIlioa tnd ttII N.tioDal ......c..u • ..u II JI&UDnUI induIay IIId civic
IJ'OUPI. He iI • DiItlDJUitbed 1Acturer for tbe NatiODll !llctranica Couortium IIld MI'YII on itt
8011d 01 Dirlc.ten.

1lIc::IIMI R.1lo1••r " 01...... Dr. Roy fII SDMA _ Dr.
Roy hu beea widl StlnfonS U1IhWIi&y 1972_ w• ....-ct UI ud •
Ph.D. from dIIt ICboaL PaW to 1IliI1Ie WII••1.d .IS .. PIa,.. aad BIectrical ........
from die MallChu...~ oCTomael.,. Hil " •••_1 ..,.n..- i8ch4M [l9lS
1917] reeearcb lei.. for ......S,.....IDc.• (1913-1985]~b ICilDCiltwid1
Mecl..s Labaratariel. 1M.• [1975--1914] .......... oldie tlchaical.taff ofBSL. Inc.•
involved ia cha " ••_1It flltall-ot-the-II'C"'Ii". Us "'atioa. identification, ......time
..at ........ and inl'onnetiOll extnedan .at~\lIc:.-ol f. vlrioua~
IPPlicIdonI. HiI tWdI at....... have '-lid __iaaalip ,....0 7

.......tiOll.
IiIul PRCelliaI...,.. IIIdldlptiw ',•.,publitlled~Iy." ...
iDvitid to .-& '*cca....1rOUIId the wcwld, ad 11M .... JI'UIt8d two p••" in connectioa
with the deYe10paMnt 01 SOMA.

Arnaud SaITari, Vice 'I.iil••,Mar~1M coo Mr. SaffIri ... JI'Ult8d ID MS. m.
EcoJe Supirieule cI'I!JIoerioi. ell PIriJ. PrInoI IPIIJlU,.11a }lCll'1 ICtaiDa-yP and n1nllina •
__ bl'aldClitilai DI&WGIk ill till Middle- ltk. SIftWi beea III ill.,..... iJdnIIiaul
IDII'kedDI COIII'*-& for .... put twenty yean. He 1IIII lfWly CIfIMiud tM deva1apaa_t,
awn _ •••••• fII-.;ar i..-nati-.l projIItI COIItI'lCtI ...... from '15 IDiUiM to
Sl5 .iJlioe,. U.S oliM•. HiI u.s line iachcled a-nlBIIc1ric SpIce
DiviaioD,w ~ 5,•••" DmIioI. C3naIIr AIMde8, Ardaw D. Little, and
T......~ II1ft... ll'enoo..-CSP.C1T.,...
AJcatel !IpIce, .oe.t Gmbh Scl.-z. ccm. DMch. 0...C...
S.A.• Rule. IDd BMI. Mr. Mart lIII.ccIIJIuIJ _-. dm hiIb· .
widlltllff uader IWa 1100 pen.., ...... bed b-.." ,.,ouibility 1Gr theIe
arpniutiOlJl. Mr. SatfIri luchcnd ..wrt1 publieatioa on Pcncatinl of CGlDJDuaicatioDl
Tecb:aoJasy and Price ModeJin..
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C"larrau, Vice , ......t, Ena'neerinc Dr. Barr...11 .-ted MSBB and Ph.D. d.
frGID SlUlard Uniwnity. Pri.- to dlet., he WM ..-tId I •• (Honon) in B1edrica1~
lid 18S in P\n Ma6lmaticl and PbyliCi from SydMy UIli¥Wlity (Auatralia)......e-ivc
RAE>....... in electroma. computer IY.temI Iftd lOftware, and lipaI ~1.1i.,
acquirwd with _veral Silicaft Vl1Jey fU1D. includill 1Dc•• wlwe he hid ...Synem
Architect far I wholI body ....tic I'flIQIlUIGC~ (MIl) machine. Prom 1978 uat:il moviaa
to die U.S. in 1984. Dr.•IINU alto hid e-.RlIC. , I hardWIl'O ..... f« eewnl
Auetnlia (JI1DI whlre he _iped, prototyped 'd throuJh CO produceion MWUl
CClIIIPUW~, ..JMI,,-a1a. Dr. BII'I'Itt bu aJIO tI\llbt JrDIIe I1ecDiQl J!nliaccrma
~ Ie StanfaRt Uaiwnicy.

MMrk:e la" D.....' Mr. Maurice-, it ofl'rlftce'. JRldlioua"
PolytlCluliquc. Atw IlaDa career in lb trt_ 01 PnDQe'.1tMtio..TV bro-=-ana
DItW«kI (ORTP), Mr. R.., belded for ....at ,... c.er111111Rh LIboraIariH fll
ORTP. thea wu .......... 0IIinnaa Mel CIO oIT lfulion de Pnace. the ill.....Pruch
taJMiIioD tr'lDImi•• arpaizl&ian lCIYiaa aU notwttIcI. In 1983, Mr...., WIt recruitld by
MIn GrouP. one 01 Prance', faremOlt c.ebnololY_. to bIleS i. ftedaliq
....-UJIic&OIIIe-plllY. Maara Commllllicla•.0- the «nine yea It Man. Wid!
hil eat iIllatl 1992. Mr. Remy built MIn C into GIll of die belt Jmon
ud t UtI aeJlulat ')'Item. muuf ill a_ape witb I&IeI tI $1.3 biDioD.

0.,.. x ,vp Maltlet1lllllaro... Mr.••, wu Fill..... MSD tram..
SlaperIeun d'BIectricitt de PIriI. Pnace. Mr. Katp .,.over 30 )WII WClI1daI for
_jar opeu ........&In. irllUiar .... 1AId ---.J*iw-. He WIt ill ..-cl••
..... ID for~ eJec.onice .t PIIilipI. DIpIcy Director at Sa1eI far Tbom..-csP
BI'OIdcIIIIlquIpmeDt DiviIJioft. with worldw_ r.., nnliWlitiM, V.. Pretideat 01 Iat8m&tional
MarIredaa IDd S.. far MMra JnternltiouJ Divilial......ioDa1 Vice-PrwidcIu f,. AIcaae1
TNde Iatematioaal. Siaoe ..... Mr. K..peri_ .. wry auoceafully JMft\*l 1ft iadlpendeat
pJ'IC&ice U u1fttemational Mlr'ketiJl. COIIWtut (1ft lIIctronic Syatanl for majCl' Burapeancom,.....
Mario M•••tl...... DiNIIor, G.... c Mr. ROIId iI.__iD d.- Palo AbD.
CIIiIcn.ia Jaw firm Gf'lt'u-, SoMiDi. Ooo*ich hu been widltJII ......
1971. Mr .-Iaw d..- fram BaIt HIll,Ufti...., olCalifCWDil.1IIrIrIIIey. Mr.
R'" epeci"iw ia l.w, apeciaI1y. it"""" 10 hip teehDOIoIY CGIDpIIIiII. He ...
direct« of ... foIIowinI CIIifarnia fuma: ae-, lac., Aebr Tat 9y..... Pro-Lo, Cor'pcnIioa.
CATS SClftwIN. •.• and Tulip M.mcry S,..... ID 1ddidGn. be 11 coualel far a II""'''' at
corponti.OIII iDe"II',. SiIn'a Semiconcluc&or. OeI.~tnD In.eanlCional, IDe., MeD10 Care. Inc.•
Vlwa, IDe., a..s~.Viewltar Ccxparation, ud c.u GeIlll)'I.
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